The Solenoidal Tracker at RHIC (STAR) experiment utilizes its excellent mid-rapidity tracking and particle identification capabilities to study the emergent properties of Quantum Chromodynamics (QCD). The STAR heavy-ion program at vanishingly small baryon density is aimed to address questions about the quantitative properties of the stronglyinteracting Quark Gluon Plasma (QGP) matter created in high energy collisions (η/s,q, chirality, transport parameters, heavy quark diffusion coefficients ...). At finite baryon density, the questions concern the phases of nuclear matter (the QCD phase diagram) and the nature of the phase transition, namely: what is the onset collision energy for the formation of QGP? What is the nature of phase transition in heavy-ion collisions? Are there two phase transition regions? If yes, where is the critical point situated? At Quark Matter 2015, the STAR collaboration has presented a wealth of new experimental results which address these questions. In these proceedings I highlight a few of those results.
Introduction
At Quark Matter 2015, STAR has presented results from its recently installed specialized detectors: 1) The Heavy Flavor Tracker (HFT), which facilitates the topological reconstruction of heavy flavor hadrons [1] and 2) The Muon Telescope Detector (MTD) which enables the identification of muons and consequently the study of quarkonia via the di-muon channel. The HFT has enabled, for the first time, the measurement of D 0 azimuthal anisotropy at RHIC, a measurement that will help constrain the QGP transport coefficients. The first quarknonium measurements via the di-muon channel using the MTD have also been presented. The RHIC Beam Energy Scan phase-I has recently been completed with Au+Au data taken at √ s NN = 14.5 GeV which filled the previous 100 MeV gap in baryon chemical potential (BES-I covers 20 < µ B < 420 MeV). Directed, elliptic and triangular flow together with spectra, nuclear modification factors and higher-moments measurements from the full datasets of BES-I have been shown at this conference.
Quantifying the properties of QGP

D 0 mesons measurements
The large masses of heavy quarks (charm and bottom) endow them with unique properties that make them a calibrated probe of the QGP medium created in heavy-ion collisions. Their masses are larger than all the relevant medium and QCD scales (m u,d,s , Λ QCD , T), furthermore, their masses are mostly external to QCD, thus are not modified by their presence in the medium in a scenario where the QCD condensate melts [2] . Their large masses also make them amenable to Brownian motion theoretical-treatment in the QGP medium [3] . D 0 R AA and v 2 are especially sensitive to the medium dynamics and thus have the potential to experimentally constrain the QGP transport coefficients [4] . [5] , black filled symbols are the new measurements using HFT) and pions (blue open symbols) [6] in central Au+Au collisions at
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to TAMU model calculations with (blue) and without (green) charm diffusion [8] .
Figure 1 left shows STAR measurements of D 0 R AA [9] , the open red circles show the measurement before the completion of the HFT [5] , solid black circles show the recent measurement with the HFT. The HFT clearly helped reduce the uncertainties in Au+Au data especially in the transition region between the enhancement region at low-p T and the suppression region at high-p T . The current uncertainties from the p+p baseline are expected to be greatly reduced with the STAR data collected in year 2015 with the HFT in place. The enhancement in the low-p T region is understood as a manifestation of charm coalescence with a flowing medium while the suppression at high-p T is, according to model calculations, an interplay of elastic collisional and radiative charm quark energy loss in the medium. While the suppression of D 0 is, within the current experimental uncertainties, similar to that of light hadrons at high-p T , radiative energy loss alone seems to be sufficient to explain the energy loss of light quarks [3] . Figure 1 middle shows the first measurement of D 0 v 2 at RHIC top energy [10] . Finite v 2 is observed for p T > 2 GeV/c that is systematically lower than those of lighter hadrons (p T < 4.0 GeV/c). Figure 1 right shows a comparison of D 0 v 2 to TAMU calculation with and without charm diffusion [8] , the data are more compatible with charm diffusion in the medium, establishing a strong experimental evidence for charm quark exhibition of collectivity with the medium at RHIC top energy. The ordering, which is not explained by hydro mass ordering, might be hinting at an incomplete thermalization of charm quarks with the medium. Higher precision data from RHIC Run 2016 will help us investigate this. Figure 2 left and middle panels show a simultaneous comparison of D 0 R AA and v 2 to models that incorporate charm diffusion in the medium [8, 11, 12] . Apart from the small tension in the Duke model with the v 2 data, the models show a good description of STAR D 0 data, The third panel shows calculations of charm spatial diffusion coefficient, as indicated by the yellow band. STAR data are compatible with models that use D × 2πT of 2− ∼ 12 demonstrating a strong charm medium interaction that could possibly be at the quantum limit. The inferred range is also consistent with Lattice QCD calculations. While this comparison demonstrates the constraining power of the data and the current status of theoretical models, more systematics studies are imperative to constrain the evolving bulk parameters. Variations in these parameters have been shown to generate changes by a factor as large as 2 in the heavy quark observables [13] . 
Quarkonium production mechanisms and medium interactions
There are several J/ψ production models (eg: Color Octet Model, Color Evaporation Model, NonRelativistic QCD) that correctly describe the production yields in elementary particle collisions. However, the actual production mechanism is still unknown. STAR continues to carry differential measurements to help distinguish between these models [33] . and the di-muon channels. The suppression (p T < 5 GeV/c) and the rising trend with p T are understood to be an interplay between dissociation and recombination effects at low p T and the longer formation at high p T [21] . The MTD has been built to study and quantify the sequential melting of Υ states in heavy-ion collisions. Figure 3 right shows the projection for the statistical uncertainty on Υ(2S + 3S )/Υ(1S ) using the 14.2 nb −1 which were sampled with the MTD in RHIC year 2014 run. A proof of principle analysis from 30% of the collected statistics is shown as a black star on the figure. The full data production is underway. [22, 23] , also shown (red star) is the projection for measurement at STAR using 14.2 nb −1 Au+Au data collected with the MTD in year 2014.
Semi-inclusive charged jets in Au+Au collisions
Fully reconstructed jets are one of the main tools to constrain the medium transport parameters and it is, thusly, an active area of research for current and planned future experiments. Full jet reconstruction in Au+Au collisions at √ s NN = 200 GeV have been carried out at STAR using the anti-k T algorithm (R = 0.2 to 0.5) with a low IR-cutoff (p T > 0.2 GeV/c) [32] . To address the challenge posed by the large soft and inhomogeneous underlying event background in measuring jet yields STAR measures the semi-inclusive distributions of reconstructed charged particle jets recoiling from a high p T trigger hadron
where σ AA→h+X is the cross-section to generate a trigger hadron, dσ AA→h+ jet+X /d p T, jet is the crosssection for coincidence production of a trigger hadron and a recoil jet. A mixed-event technique has been developed and used to treat the uncorrelated background. Figure 4, 
An open question is whether at jet-Q 2 scale the medium is effectively continuous or composed of quasiparticles. For this, STAR has also studied the azimuthal distribution of jet axes with respect to the recoil trigger hadron in search for evidence of large angle scattering, Moliére scattering [32] , whose presence would indicate hard scattering off quasi-particles. The study shows so far no evidence of Molére scattering with the current statistical precision. 
Studies of chirality
Di-electrons
The excess in the yields of di-leptons at low mass (M ll < 1 GeV/c 2 ) has been long linked to chiral dynamics in heavy-ion collisions. STAR has recently published its acceptance-corrected measurement of di-electron production in Au+Au collisions at √ s NN = 200 and 19.6 GeV [26] . New measurement of di-electron production in U+U at √ s NN = 193 GeV, a system with an expected 20% increase in energy density [25] and consequently a longer lifetime, have been presented at this conference [24] . Figure 5 left shows the acceptance-corrected excess di-electron invariant-mass spectra normalized by dN ch /dy in minimum-bias Au+Au collisions at √ s NN = 27, 39, 62.4 and 200 GeV [26] and U+U collisions at √ s NN = 193 GeV. Models with collisional broadening of ρ-mesons [27, 28] describe the data across all energies, centralities, and p T [24, 26] . Figure 5 right shows the integrated di-electron excess yields (0.4 < M ll < 0.75 GeV/c 2 ) normalized by and as function of dN ch /dy. The yields show an increasing trend from peripheral to central collisions and from lower to higher energies, which is predicted to be the case if the emission is correlated with the medium lifetime. The measurements are also compared to theoretical calculations of medium lifetime [27] . broadened ρ spectral function which is the sum of QGP radiation contribution and in hadronic medium broadening [27, 28] is shown.
(Right) Integrated di-electron excess invariant-mass spectra (0.4 < M ll < 0.75 GeV/c) normalized by dN ch /dy in different collision species and at different collision energies [26, 29] compared to the theoretical calculations of the fireball lifetimes [27] .
Studies of chiral effects via PID correlations
The geometry of non-central collisions is expected to create strong magnetic fields at the early stages of heavy-ion collisions which if coupled to a local chirality imbalance gives rise to electric charge separation, a phenomenon known as Chiral Magnetic Effect (CME). The same geometrical configuration also creates an angular momentum that gives rise to fluid vorticity which, in turn, if coupled to local chirality imbalance creates baryonic charge separation which is known as Chiral Vortical Effect (CVE). STAR uses a three point correlator (γ = cos(φ α + φ β − 2Ψ RP ) ) to search for signatures of CVE and CME. Correlations between different particle species have different sensitivities to these effects (see Fig. 6 legend) . Figure 6 left shows the difference of the correlator between opposite sign and same sign particles [35] . A clear hierarchy is observed, while this hierarchical structure and its ordering meets the expectation of these chiral effects more studies of possible experimental backgrounds are needed and underway. One such study has been presented at this conference [36] . Figure6 right shows the charge separation parameter for non-central events selected with observed v 2 ∼ 0 where the v 2 related background is eliminated [37] . The charge separation is slightly positive on average, but exhibits an oscillating dependence on the third harmonic plane relative to the second harmonic plane. This suggests additional physics background related to the event shape and further investigations are underway.
Studies of phase diagram structure
Onset of QGP formation and nature of phase transition
High-p T hadron suppression is considered to be a key evidence of the formation of sQGP in heavy-ion collisions. It is only natural to study this observable in the BES to look for the onset energy at which the strong suppression starts to appear. Figure 7 left shows charged hadron R CP at different BES-I energies [38] . R CP exhibits a smooth transition from strong suppression at high energies to enhancement at lower beam energies. It is well known, however, that the so-called Cronin Effect, which gives rise to p T elongated production enhancement, is more prominent at lower beam energies [30] , which complicates the interpretation of this observation. The complication can perhaps be resolved with a p+A BES to disentangle the CNM enhancement and QGP suppression effects. The enhancement and suppression effects are proportional to centrality, so a study of the centrality dependence of the charged hadron yields is expected to bring insight into the interplay of these effects. Figure 7 right shows integrated yields (3 < p T < 3.5 GeV) per number of binary collisions as a function of number of participants at different collision energies. The yields are normalized such that the yield in most peripheral bin is unity. It is observed that at high beam energies suppression effects quickly dominate. At lowest beam energies, however, the yields in most central collisions are highly enhanced compared to most peripheral collisions. At √ s NN = 14.5 GeV an approximate flatness across centralities is observed, an apparent equilibration of enhancement and suppression effects at this energy and this p T region. Theoretical calculations of the beam energy and impact parameter dependence could help understand the dynamics at play here and possibly uncover the suppression effects from data. Triangular flow is argued to be almost directly proportional to the duration of the low-viscosity phase in heavy ion collisions [39] . The dip in STAR measurement of net-proton slope of directed flow at midrapidity [41] , dv 1 /dy| y=0 , is due to an interplay between hydro, baryon transport dynamics and baryon/anti-baryon annihilation, so more understanding of these phenomena is needed as to whether a first order phase transition is indicated by the data. So far all models failed to reproduce this dip structure. STAR has recently measured directed flow of p, p, Λ, Λ, K ± , K 0 S and π ± in Au+Au collisions at the BES-I energies [42] . Figure 9 left shows net-proton and net-kaon dv 1 /dy| y=0 . It is evident that the data for net-kaon and net-proton coincide from √ s NN = 200 GeV all the way down to 14.5 GeV and then starkly split at the lowest two energies. More theoretical insight is needed to understand if this observation is related to the nature of the phase transition at these low energies. 
Search for the critical point
Higher moments of conserved quantum numbers (charge, strangeness and baryon number) are expected to be sensitive to the proximity of the system to a critical point (see [43] and references therein). It is also expected that higher order moments are more sensitive to criticality. Figure 8 right shows net-proton κσ 2 in most central and peripheral collisions compared to UrQMD and Poisson expectations. The measurement phase space has been recently extended from 0.4 < p T < 0.8 to 0.4 < p T < 2.0 GeV/c. The data in central collisions clearly show a non-monotonic behavior deviating from the Poisson expectation of unity and that is absent from both peripheral and UrQMD expectations. More work is being carried out to check if this experimental observable is sufficient to establish the existence of a critical point, the role of the finite volume size in heavy-ion collisions and the random system evolution path in the phase diagram [43] .
It is currently agreed upon that more systematic studies of higher moments and their phase space evolution are needed from the experiment side. This is one of the driving measurements behind RHIC plan for BES-II (2019-2020). STAR inner TPC upgrade will extend its coverage from |η| < 1 to |η| < 1.5. In addition, an Event Plane Detector (EPD) upgrade at forward rapidities will provide more control on the measurement systematics by giving a TPC-independent measurement of centrality and reaction plane.
Summary and future outlook
STAR has recently boosted its heavy flavor program with its high resolution Heavy Flavor Tracker (HFT) and Muon Telescope Detector (MTD). D 0 v 2 measurement with the HFT indicates that charm flows at RHIC top energy. First results of quarkonium suppression from MTD have been shown at this conference and more data on Υ states melting at RHIC top energy from full MTD datasets production are underway. STAR BES-I data exhibit non-monotonicity in net-proton κσ 2 , baryon dv 1 /dy| y=0 and charged hadron scaled-v 2 3 {2} at the same energy range, trends that could possibly be connected to the nature of phase transition at lower beam energies and the location of the critical point.
